Medical advances in diagnosing neurological and genetic disorders. by Thompson, Simon


Abstract²5HWLQREODVWRPD LV D UDUH W\SH RI FKLOGKRRG JHQHWLF
FDQFHUWKDWDIIHFWVFKLOGUHQZRUOGZLGH7KHGLDJQRVLVLVRIWHQPLVVHG
GXH WR ODFNRIHGXFDWLRQDQGGLIILFXOW\ LQSUHVHQWDWLRQRI WKH WXPRU
)UHTXHQWO\ WKH WXPRURQ WKH UHWLQD LVQRWLFHGE\SKRWRJUDSK\ZKHQ
WKH UHGH\H IODVK FRPPRQO\ VHHQ LQ QRUPDO H\HV LV QRW SURGXFHG
,QVWHDG D \HOORZ RU ZKLWH FRORUHG SDWFK LV VHHQ RU WKH FKLOG KDV D
QRWLFHDEOHVWUDELVPXV(DUO\GHWHFWLRQFDQEHOLIHVDYLQJWKRXJKRIWHQ
UHVXOWV LQUHPRYDORI WKHDIIHFWHGH\H5HPDLQLQJIXQFWLRQLQJ LQ WKH
KHDOWK\H\HZKHQWKHFKLOGLV\RXQJKDVUHVXOWHGLQVXSHUYLVLRQDQG
KLJK RU DERYHDYHUDJH LQWHOOLJHQFH 7HFKQRORJLFDO DGYDQFHPHQW RI
FDPHUDVKDVKHOSHG LQHDUO\GHWHFWLRQ%UDLQ LPDJLQJKDVDOVRPDGH
SRVVLEOH HDUO\ GHWHFWLRQ RI QHXURORJLFDO GLVHDVHV DQG WRJHWKHUZLWK
WKHPRQLWRULQJRIFRUWLVROOHYHOVDQG\DZQLQJIUHTXHQF\SURPLVHVWR
EHWKHQH[WQHZHDUO\GLDJQRVWLFWRROIRUWKHGHWHFWLRQRIQHXURORJLFDO
GLVHDVHV ZKHUH FRUWLVRO LQVXIILFLHQF\ LV SDUWLFXODUO\ VDOLHQW VXFK DV
PXOWLSOHVFOHURVLVDQG&XVKLQJ¶VGLVHDVH





LW LV WKH PRVW FRPPRQ LQWUDRFXODU PDOLJQDQF\ RI HDUO\
FKLOGKRRG>@>@DQGFRQWLQXHVWRIRUPDERXWSHUFHQWRIDOO
FKLOGKRRGFDQFHUV >@$QDJJUHVVLYHGLVHDVH LW HYROYHV DV D
WXPRURIWKHUHWLQDRQWKHLQVLGHDWWKHEDFNRIWKHH\H>@
$OWKRXJK DOPRVW H[FOXVLYHO\ D FDQFHU RI FKLOGKRRG LW KDV
EHHQGHWHFWHGLQWKHIHWXVDQGFDQDOVRRFFXULQROGHUFKLOGUHQ
>@5E SUHVHQWV IURP ELUWK WR  \HDUV RI DJH >@ >@ ,Q WKH











WKHQ RQH RI WKH LPSRUWDQW ³VWRSV´ RI FHOO JURZWK DQG FHOO
GLYLVLRQ LV ORVW JLYLQJ ULVH WR WXPRUV LQ WKH UHWLQD >@ 7KH
5%JHQHLVORFDWHGRQFKURPRVRPHSRVLWLRQDQGLVD
WXPRU VXSSUHVVRU JHQH >@ ,I WKHPXWDWHG JHQH LV SUHVHQW LQ
WKHSDUHQWZLWK WKHGLVHDVHRU LI WKHSDUHQW LVDFDUULHURI WKH

6%17KRPSVRQLVZLWKWKH3V\FKRORJ\5HVHDUFK&HQWUHDQG'HPHQWLD
,QVWLWXWH %RXUQHPRXWK 8QLYHUVLW\ %+ %% 8. DQG 9LVLWLQJ &OLQLFDO





VLVWHUV DQG IXWXUH FKLOGUHQ DOVR KDYLQJ WKH ELODWHUDO GLVHDVH
7KHUHDUH WUHDWPHQWRSWLRQV LQ WKHVHFDVHVEXWRIWHQ WKHFKLOG
ORVHVVXEVWDQWLDOVLJKWLQRQHRUERWKH\HVDQGLI WKHWXPRULV
DJJUHVVLYH DQG ODUJH WKHQ WKH H\H LV DOVR ORVW DQG UHTXLUHV
VXUJLFDOLPSODQW
,I WKH 5% JHQH GRHV QRW PXWDWH ZLWKLQ WKH SDUHQW EXW
LQVWHDGPXWDWHVLQHLWKHUWKHHJJRUVSHUPWKLVJLYHVULVHWR5E
LI WKH FKLOG¶V UHWLQDO FHOOV DOVRPXWDWH0XWDWLRQ RI WKH 5%
JHQH PD\ DOVR RFFXU GXULQJ HDUO\ HPEU\RQLF GHYHORSPHQW
EHIRUH WKH FHOOV DUH GHILQHG DQG LI PXWDWLRQ RFFXUV LQ WKH





7KH JHQHWLF SRVVLELOLWLHV DUH ³KHULWDEOH´ YHUVXV ³QRQ
KHULWDEOH´ WKRXJK ³PRVDLF´ KDV EHHQ XVHG ZKHQ WKH SLFWXUH








)ODVKSKRWRJUDSK\XVLQJ WKH LQVWDOOHG FDPHUDRI DPRGHUQ
PRELOHSKRQH FRPPRQO\EDFNVLGHLOOXPLQDWHGPHJDSL[HO
RU JUHDWHU UHDUIDFLQJ FDPHUD ZLWK  PP I OHQV LV
LGHDO IRU GHWHFWLQJ WKH QRUPDO ³UHG H\H´ WKDW VKRXOG EH
UHIOHFWHGIURPWKHUHWLQD>@
&ORVHXS IODVK SKRWRJUDSK\ LQ WKLV PDQQHU LV KHOSIXO DQG
RIWHQUHDVVXULQJDVLQLWLDOVFUHHQLQJEXWSDUHQWVDUHDGYLVHGWR
VHHN SURIHVVLRQDO FRQILUPDWLRQ LI WKHUH LV DQ\ GRXEW DERXW









5HFRJQL]LQJ VHQVRU\ ORVV FDQ VRPHWLPHV UHVXOW LQ WKH
SHUVRQ IXQFWLRQLQJDERYHDYHUDJHZLWK WKH UHPDLQLQJ VHQVHV
%HLQJ ERUQ IXQFWLRQDOO\ EOLQG RU ORVLQJ DQ H\H IROORZLQJ
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H[SHULHQFH KHLJKWHQHG DXUDO VHQVHV WRXFK DQG ROIDFWRU\




%\ FRPSHQVDWLQJ IRU WKHLU ODFN RI YLVLRQ E\ XVLQJ WKHLU
RWKHU VHQVRU\ PRGDOLWLHV EOLQGVLJKWHG LQGLYLGXDOV RIWHQ
RXWSHUIRUP VLJKWHG LQGLYLGXDOV LQ QRQYLVXDO WDVNV VXFK DV
UHDGLQJ %UDLOOH >@ PHPRU\ UHWULHYDO >@ XQIDPLOLDU YRLFH
UHFRJQLWLRQ >@ YHUEDO PHPRU\ >@ DXGLWRU\ VSDWLDO
GLVFULPLQDWLRQ>@DQGPXVLFDODELOLWLHV>@
%RZQV DQG FROOHDJXHV >@ IRXQG WKDW HDUO\HQXFOHDWHG
DGXOWV DQG FRQWUROV KDYH D VLPLODU WKUHVKROG IRU GHWHFWLQJ
PRWLRQ &RPSDULQJ GHSWK SHUFHSWLRQ *RQ]DOH] DQG
FROOHDJXHV >@ IRXQG WKDW WKRVH ZLWK HDUO\ HQXFOHDWLRQ KDG
ZRUVH GHSWK SHUFHSWLRQ +RZHYHU HDUO\HQXFOHDWHG
LQGLYLGXDOV VHHP WR LPSURYH YLVXDO SHUIRUPDQFH WKURXJK
OHDUQLQJ DQG GXH WR UHRUJDQL]DWLRQ RI FHOOV UHVSRQVLEOH IRU
VHQVRU\PRGDOLW\>@>@
'XULQJWKHILUVWIHZ\HDUVRIOLIHFHOOVLQWKHYLVXDOV\VWHP
IRUP FRQQHFWLRQV WKDW DUH VWUHQJWKHQHG E\ WKH DPRXQW RI
VHQVRU\ LQIRUPDWLRQ UHFHLYHG7KHVH FRQQHFWLRQV IRUPYLVXDO
IXQFWLRQV ZKLFK FDQ WDNH \HDUV WR PDWXUH >@ 2WKHU
UHVHDUFKHUV >@ IRXQG WKDW FKLOGUHQ HQXFOHDWHG XS WR IRXU
\HDUV RI DJH ZLOO KDYH QHXURSODVWLFLW\ ZKHUH FHOO
UHRUJDQL]DWLRQ FDQ RFFXU ZLWKLQ KRXUV DQG LQYROYHV RWKHU
VHQVRU\PRGDOLWLHV>@>@
7KRPSVRQ DQG &KLQQHU\ >@ UHSRUWHG RQ D FDVH KLVWRU\
37 GLDJQRVHG ZLWK UHWLQREODVWRPD ZKR XQGHUZHQW
XQLODWHUDO HQXFOHDWLRQ DW  PRQWKV DQG KDV WKH UHPDLQLQJ
IXQFWLRQDO H\H ZLWK H[FHSWLRQDO DERYHDYHUDJH YLVLRQ DQG
DERYHDYHUDJH LQWHOOLJHQFH &DVHV RI ³VXSHUYLVLRQ´ DUH QRW
XQFRPPRQLQWKRVHZKRFRPSHQVDWHIRUVHQVRU\ORVV
5HVHDUFK LQWRFRPSHQVDWLRQKDVGHPRQVWUDWHG WKDW WKH ORVV
RI RQH VHQVRU\ PRGDOLW\ FDQ EH UHSODFHG E\ DQRWKHU
SDUWLFXODUO\ ZKHQ WKH ORVV RFFXUV DW DQ HDUO\ DJH >@
1HXURSODVWLFLW\FDQH[SODLQWKHUHDVRQVZK\IXQFWLRQDOLW\FDQ
FRQWLQXH GHVSLWH ORVV RI VHQVRU\ RUJDQV DQG WKDW QHZQHXUDO
FRQQHFWLRQVDUHVWUHQJWKHQHGWKURXJKH[SHULHQFHDQGSUDFWLFH
7KH QDWXUDOO\ RFFXUULQJ KRUPRQH LQ KXPDQV FRUWLVRO LV
FRQVLGHUHG LPSRUWDQW IRU LPPXQH SURWHFWLRQ DQG VWUHVV
UHJXODWLRQ>@>@0HDVXULQJWKHOHYHOVRIFRUWLVROLVXVHIXO
IRU PRQLWRULQJ VHYHUDO PHGLFDO FRQGLWLRQV LQFOXGLQJ FDVHV
ZKHUH KLJK OHYHOV RI VWUHVV DUHNQRZQ DGUHQDO LQVXIILFLHQF\
DQGSRVVLEO\IRUFHUWDLQQHXURORJLFDOGLVHDVHVVXFKDVPXOWLSOH
VFOHURVLV>@
7KH FRQQHFWLRQ EHWZHHQ FRUWLVRO DQG \DZQLQJ KDV RQO\
UHFHQWO\ EHHQ HVWDEOLVKHG E\ WKH 7KRPSVRQ &RUWLVRO
+\SRWKHVLV 7&+>@([SDQVLRQRI WKH7&+LQ>@
KDV HQDEOHG IXUWKHU H[SORUDWLRQ RI WKH SDWKZD\V LQYROYHG
GXULQJ\DZQLQJ>@>@>@ZLWKWKHSURSRVDOWKDWFRUWLVRO
LQ FRQMXQFWLRQ ZLWK WKH \DZQLQJ UHIOH[ PLJKW SURYLGH D
SRWHQWLDO ELRPDUNHU IRU WKH HDUO\ GHWHFWLRQ RI QHXURORJLFDO
GLVHDVH>@
3UHGLFWRUV RI GLVHDVH DUH QRW QHZ DQG ELRLQIRUPDWLFV LV
LQFUHDVLQJO\ LPSRUWDQW WR RXU XQGHUVWDQGLQJ RI GLVHDVH
SURJUHVV DQG IRU HDUO\ GHWHFWLRQ DQG WUHDWPHQW DQG LW LV QRZ
WKRXJKWWKDWULVHVLQFRUWLVROHOLFLWWKH\DZQLQJUHVSRQVHZKLFK
LQ WXUQUHJXODWHEUDLQ WHPSHUDWXUHDQGSUHYHQW WKHEUDLQIURP
RYHUKHDWLQJ >@ >@$ VHULHVRI VWXGLHV OHGE\ WKH DXWKRU
DQGKLV WHDPDW%RXUQHPRXWK8QLYHUVLW\8.DQGLQ)UDQFH
KDYHGHWHUPLQHG WKDW\DZQLQJ LVVLJQLILFDQWO\FRUUHODWHGZLWK
FRUWLVRODQG WKDW WKHHOHFWULFDOQHUYH LPSXOVHVJHQHUDWHGIURP
MDZOLQHPXVFOHVXSRQ\DZQLQJ DUH DOVRFRUUHODWHGZLWK WKH
\DZQLQJUHIOH[
([FHVVLYH \DZQLQJ LV SURSRVHG DV DQ HDUO\ LQGLFDWRU RI






FRPSXWHUL]HG UHFUXLWPHQW V\VWHP DQG )DFHERRN $OO
SDUWLFLSDQWV ZHUH SURSHUO\ FRQVHQWHG DFFRUGLQJ WR FRGH RI
FRQGXFW DQG UHVHDUFK JXLGHOLQHV DQG H[SRVHG XQGHU
UDQGRPL]HG FRQWUROOHG WULDOV JXLGHOLQHV WR WKUHH FRQGLWLRQV
LQWHQGHG WR SURYRNH D \DZQLQJ UHVSRQVH ± SKRWRV RI SHRSOH
\DZQLQJ ERULQJ WH[W DERXW \DZQLQJ VKRUW YLGHR RI SHUVRQ
\DZQLQJ&RPSDULVRQVZHUHPDGHZLWKSHRSOHH[SRVHGWRWKH
VDPHFRQGLWLRQVEXWZKRGLGQRW\DZQ
6DOLYD VDPSOHV ZHUH FROOHFWHG DW VWDUW DQG DJDLQ DIWHU







,I WKHUH ZDV QR \DZQLQJ UHVSRQVH WKHQ D VHFRQG VDOLYD




DVVD\ DQG LW LV DOVR FKHDSHU WR DQDO\]H LQ WKH ODERUDWRU\ $
\DZQLQJ VXVFHSWLELOLW\ VFDOH TXHVWLRQQDLUH GHVLJQHG IRU WKLV
VWXG\+RVSLWDO$Q[LHW\ DQG'HSUHVVLRQ 6FDOH +$'6 >@
>@ *HQHUDO +HDOWK 4XHVWLRQQDLUH *+4 >@>@ DQG
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([FOXVLRQ FULWHULD ZHUH FKURQLF IDWLJXH GLDEHWHV
ILEURP\DOJLD KHDUW FRQGLWLRQ KLJK EORRG SUHVVXUH KRUPRQH
UHSODFHPHQWWKHUDS\PXOWLSOHVVFOHURVLVDQGVWURNH%HWZHHQ
DQGZLWKLQVXEMHFWVFRPSDULVRQVZHUHPDGHXVLQJ WWHVWVDQG
FRUUHODWLRQV XVLQJ WKH 6366 SDFNDJH 7KLV HQDEOHG D
FRPSDULVRQ WR EH PDGH EHWZHHQ \DZQHU DQG QRQ\DZQHU






7KHUH ZHUH QR VLJQLILFDQW GLIIHUHQFHV EHWZHHQ JURXSV LQ
WHUPV RI DJH +$'6 DQ[LHW\ DQG GHSUHVVLRQ VFRUHV DQG
*+4 VFRUHV 1RUPDWLYH GDWD IRU VDOLYD FRUWLVRO LV NQRZQ
DQGOLHVZLWKLQWKHIROORZLQJUDQJHVD0RUQLQJFROOHFWLRQLV
 WR  QDQRJUDPV RQH ELOOLRQWK RI D JUDP RU  SHU
PLOOLOLWHURIVDOLYDE1RRQFROOHFWLRQLVWRQDQRJUDPV
SHUPLOOLOLWHU F(YHQLQJ FROOHFWLRQ LV  WR  QDQRJUDPV
SHUPLOOLOLWHU
,QVDOLYDFRUWLVROVDPSOHWKHPHDQVIRUQRQ\DZQHUVZDV
 6'    DQG IRU \DZQHUV ZDV  6'    ,Q
VDPSOH  WKHPHDQVZHUH  6'   IRU QRQ\DZQHUV
DQG6' IRUWKH\DZQHUV+HQFHWKH\DZQHUVKDG
KLJKHU OHYHOV RI UHVWLQJ DQG SRVWH[SHULPHQW VDOLYD FRUWLVRO
OHYHOV WKDQ WKH QRQ\DZQHUV ,Q DGGLWLRQ WKHUH ZDV D
VLJQLILFDQW GLIIHUHQFH EHWZHHQ VDPSOH  VDOLYD FRUWLVRO DQG
VDPSOHVDOLYDFRUWLVRODPRQJVWWKH\DZQHUVW 
S 
)RU WKH \DZQHUV DW UHVW WKH(0* UDQJHZDV  WR 
PLOOLRQWKRIDYROWPHDQRIDVFRPSDUHGZLWK
WRPHDQRIDIWHU\DZQLQJ)RUQRQ\DZQHUV
WKH UDQJH ZDV  WR  PHDQ RI  DQG  WR 
PHDQ RI  DIWHU WKH VWLPXOL SUHVHQWDWLRQ 7KHUHIRUH WKH




\DZQHG EHWZHHQ VDPSOH RQH DQG VDPSOH WZR ZHUH IRXQG
ZKLFK OHQGV VXSSRUW IRU WKH 7KRPSVRQ &RUWLVRO +\SRWKHVLV
(OHFWURP\RJUDSK\ DFWLYLW\ DOVR LQFUHDVHG ZLWK HOHYDWHG
FRUWLVRO OHYHOVDQGZKHQ\DZQLQJ7KLV LVDQH[FLWLQJILQGLQJ
DVFRUWLVROLQFRQMXQFWLRQZLWK\DZQLQJPD\SURPLVHWREHD
SRWHQWLDO QHZ GLDJQRVWLF WRRO IRU WKH HDUO\ GHWHFWLRQ RI
QHXURORJLFDOGLVHDVHVVXFKDVPXOWLSOHVFOHURVLV
,Q DQ DGGLWLRQDO SDUDGLJP E\ WKH DXWKRU DQG FROOHDJXHV
EUDLQVFDQVIRUHDFKSDUWLFLSDQWZKRZHUHDOORFDWHGWRPHQWDO
RU PRWRU WDVNV DQG ZKRZHUH DOVR WHVWHG IRU VDOLYD FRUWLVRO
VKRZHGWKHIROORZLQJEUDLQDFWLYLW\
)RU SDUWLFLSDQWV ZLWK WKH ORZHVW OHYHO RI FRUWLVRO LQ WKH
PHQWDO FRQGLWLRQ WKHUH ZDV OHVV DFWLYLW\ DQG OHVV VSUHDG RI
DFWLYLW\ LQ WKH EUDLQVWHP UHJLRQ FRPSDUHG ZLWK WKH
FRUUHVSRQGLQJ SDUWLFLSDQW LQ WKH SK\VLFDO FRQGLWLRQ 6LPLODU










,Q WHUPV RI FRUWLFDO DFWLYLW\ WKH EUDLQVWHP DQG
K\SRWKDODPXV UHJLRQV DSSHDU WR EH PRUH DFWLYH GXULQJ WKH
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SK\VLFDOFRQGLWLRQDW ORZ OHYHOVRIFRUWLVROEXW WKHDFWLYLW\ LV







QHXURORJLFDO GLVHDVHV VXFK DV LQ LPPXQH VXSSUHVVLRQ
V\QGURPHV ZKHUH FRUWLVRO LV LPSRUWDQW IRU JRRG KHDOWK
PDLQWHQDQFH
7KH UHOHDVHRI FRUWLVRO LQWRRXU FLUFXODWLRQ V\VWHPDSSHDUV
WR KDYH PDQ\ UROHV LQFOXGLQJ SURWHFWLRQ DQG UHJXODWLRQ RI
RWKHU QHXURFKHPLFDOV <DZQLQJ DQG FRUWLVRO LV RI SDUWLFXODU




&RUWLVRO LV RI LQWHUHVW WR FOLQLFDO VFLHQWLVWV SUDFWLWLRQHUV
QHXURORJLVWV DQG QHXURVFLHQWLVWV EHFDXVH RI LWV LPSRUWDQFH LQ
VWUHVV UHVSRQVH ZLWKLQ WKH +3$D[LV ,GHQWLI\LQJ WKUHVKROG
OHYHOVRI FRUWLVRO DQG WKH UHFUXLWPHQWRIEUDLQ UHJLRQ DFWLYLW\
PD\ EH LPSRUWDQW LQ GHWHUPLQLQJ IXWXUH IXQFWLRQLQJ GHILFLWV
DQGQHXURQDOGDPDJH
,PDJH FDSWXULQJ WHFKQRORJ\ LV DOVR SDUWLFXODUO\ XVHIXO IRU
WKH GHWHFWLRQ IRU 5E DQG ZLWK WKH DGYHQW RI VRSKLVWLFDWHG
FDPHUD WHFKQRORJ\ HDUO\ GLDJQRVLV RI 5E LV PDGH PRUH
SRVVLEOH ,W LV KRSHG WKDW WKLV WHFKQRORJ\ FDQEH SXW WR JRRG
XVH DQG IRU WKH EHQHILW RI DOO LQGLYLGXDOV ZKR KDYH KDG
QHXURORJLFDORUJHQHWLFGLVHDVHVLPSDLUHGLQWKHQHDUIXWXUH
$&.12:/('*0(17






>@ 6 % 1 &KLOGKRRG (\H &DQFHU 7UXVW ³$ERXW UHWLQREODVWRPD´
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